A comparison of the molecular structure of the copper(II), nickel(II) and palladium(II) complexes M 2 L 14B of the bis-dioxocyclam ligand (bis-dioxocyclam, H 4 L 14B ·= 6,6'-bi-(1,4,8,11-tetraazacyclotetradecane)-5,5',7,7'-tetraone) determined by single crystal X-ray diffraction with published data for the related open-chain and macrocyclic compounds revealed that the conformations of the binuclear compounds of this type are more sensitive to the nature of the coordinated metal ion as compared to those of their mononuclear analogues. This peculiarity is likely explained by different tolerance of d 9 and d 8 ions to violations of planarity of the coordinated amide fragment. The preservation of the differences between conformations of the coordination subunits in the bis-complexes and in the corresponding mononuclear species is further confirmed by 1 H NMR spectra of the diamagnetic nickel(II) and palladium(II) macrocyclic complexes in aqueous solution. complexes are also briefly discussed. Being highly hydrated solids, the bis-macrocyclic compounds are characterized by extended networks of hydrogen bonds. The water molecules form infinite aggregates differing by the structure and dimensionality -1D chains for
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INTRODUCTION
In the past years polynuclear complexes have become increasingly dominant in the field of coordination chemistry. Although a significant amount of research is focused on compounds demonstrating rather strong metal-metal interactions, such as ligand-bridged systems and clusters, 1 there is also interest in another type of complexes in which metal centers are well separated, providing the opportunity for multicenter binding of substrates. To a considerable extent this interest is inspired by the fact that such compounds may serve as models for the charge transfer, electron transport and allosteric behavior found in many metal-containing biochemical systems.
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Macrocycles and, in particular, azamacrocycles are considered as useful building blocks for such systems since their metal complexes typically show enhanced kinetic and thermodynamic stabilities. 3 In addition, the interest in linked macrocyclic ligands was further stimulated by the finding that some bis-macrocyclic derivatives reveal anti-HIV activity. 4 Depending on the mode of connection (N-N or C-C linking) and the nature of the spacer the inter-metal ion distance and the relative orientation of the macrocyclic rings can be varied and to date a great number of linked azamacrocycles has been reported. The bis-macrocyclic ligand H 4 L 14B (Scheme 1) prepared using the one-step aminolytic condensation method of Tabushi 6 was among the first reported C-C linked tetraazamacrocyclic compounds. 7 The presence of the amide functions introduces a number of specific properties, This series demonstrates interesting variations in the molecular geometry dependent on the nature of the metal ion. Although for the most of complexes a 'stretched' (centrosymmetric) conformation was found, the dinickel(II) complex of L 13B has a principally different 'folded' (C 2 -symmetric) structure. 11 On the other hand, an analysis reveals remarkable distinction in conformations of the coordinating subunits in the dicopper(II) 12 and dinickel(II) 14 complexes of L ocB . In turn, the structure of these subunits appears to be rather different from that of the mononuclear ML ocM analogues [15] [16] [17] (vide infra).
In order to check whether the noted metal-dependent structural variations have a general character structural investigation of the copper(II), nickel(II) and palladium(II) complexes of The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located by Fourier methods and refined isotropically, except for hydrogen atoms attached to C and N for 2-Ni which were placed geometrically and treated as riding atoms. One of the two hydrogen atoms in two co-crystallized water molecules (H 2 O (7) and H 2 O(8)) present in 1b-Cu is disordered over two positions. Other crystal data and experimental parameters are summarized in Table 1 . (2) 173 (2) 150 (2) 173 (2) crystal system monoclinic monoclinic monoclinic triclinic (14) 25.5162 (13) 11.199 (7) 11.5297 (3) b (Å) 8.5468 (5) 8.4920 (4) 12.249 (7) 12.4137 (3) c ( 
2 )/(n-p)} 1/2 , where n -number of reflections and p -total number of parameters refined.
Spectral and Electrochemical Measurements. 1 H NMR spectra of the complexes in D 2 O solution were measured at 303 K on a Bruker Avance 500 MHz spectrometer and referenced to the solvent signal (δ 4.720 ppm). The analysis was performed by means of computer simulation with gNMR 3.6 software. 21 Electronic absorption spectra were recorded on a Specord 210 (Zeiss) spectrometer. Cyclic voltammograms were measured using a standard three electrode scheme with glassy carbon working, Pt auxiliary and saturated calomel (SCE) reference electrodes as described elsewhere.
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RESULTS AND DISCUSSION
Molecular Structure of the Complexes. Perspective views of the bis-macrocyclic complexes under consideration with the atom numbering scheme employed are shown in Figure   1 . Selected parameters characterizing the metal(II) coordination polyhedra are collected in Table   2 . Similarly to other compounds of this type [11] [12] [13] [14] (except for Ni 2 L 13B ) 11 the bis-macrocyclic ligand in all complexes adopts a 'stretched' conformation with the C-C bond joining macrocyclic subunits being slightly elongated (ca. 1.57 Å) as compared to the normal value (ca. 1.54 Å). The dicopper and dinickel complexes possess an inversion center in the middle of this bond; the subunits in the dipalladium one are not strictly equivalent but the molecule is actually very close to centrosymmetric (Table 2 ). In all compounds the metal ion is coordinated in a planar manner by two deprotonated amide and two secondary amine nitrogen donor atoms with hydrogen atoms of the latter directed 'outside', i.e. opposite to bridging C-C bond, in contrast to complexes of the 13-membered analogues. Figures 1a, 1b ). An analogous structural motif is also present in all dicopper(II) complexes of this type.
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The conformations of the 14-membered macrocyclic subunits in all complexes are close . In all cases this displacement is larger than in the mono-macrocyclic analogues (0.14, 0.05 and 0.01 Å, respectively). 15, 17, 18 It is worth noting that the deviations from the N 4 -plane for the entire series, including nickel(II) and palladium(II) complexes, can be accurately predicted based on the values of 'in-plane' characteristics, i.e. the sum of bite angles around the metal ion and M-N distances, using expression proposed recently for copper(II) chromophores 15 (see Table S1 and Figure S1 in the Supporting Information). M-N1
M-N4
1.952 (1) 1.951 (1) 1.948 (1) 1.951 (1) 1.864 (6) 1.874 (5) 1.983(1); 1.981 (1) 1.982(1); 1.981(1)
2.020 (1) 2.042 (1) 2.015 (1) 2.045 (1) 1.937 (6) 1.944 (7) 2.048 (1) Metal-nitrogen distances (Table 2 ) fall in the range typical of compounds of this type with common trend of M-N amide bonds involving negatively charged nitrogen atoms being considerably shorter than M-N amine ones. These bond lengths are close, though not identical, to those found for the mono-macrocyclic analogues (see Table S1 in the Supporting Information).
The shortest M-N bonds are characteristic of the nickel(II) complexes while the longest -of the palladium(II) ones, for the latter bond lengths are not too different from those in the copper(II) species.
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Despite the close similarity in M-N distances, the conformations adopted by the The aforementioned effects are missing or strongly reduced for mononuclear complexes. This is especially evident when compounds of the open-chain ligands are considered. As can be seen from Figure 2d , ML ocM complexes demonstrate remarkable structural similarity. It is worth to note that the values in this case are close to that in dicopper complexes but, nevertheless, this does not lead to large deviations of the amide nitrogen atoms from planarity. Apparently, this is related to essentially different conformations of chelate rings typical of these species, i.e. The two types of crystals isolated for the copper(II) complex (i.e., 1a-Cu and 1b-Cu) belong to the same space group and are characterized by similar values of unit cell parameters (see Table 1 ). Both are built of similar columns of bis-macrocyclic molecules running along baxis, though differently oriented in the crystal structures (Figures 3a, 3b) . These water aggregates provide the links between complex molecules both within and between neighboring columns (see Figure S4 in the Supporting Information). The structure of the triclinic crystals of 3-Pd can be described in several ways. The best one, in our opinion, is its treatment as built of columns or stacks of alternating (related by inversion operation) bis-macrocyclic units running along the c-axis (Figures 5a, 5b ). The peculiarity of this structure distinguishing it from the compounds discussed above is that the water molecules form a 3D-network. It can be described as built of alternating 2D-layers parallel to the ab-plane (Figure 5d ). Each of these layers is composed of the fused 18-and 8-membered (14) linking (see Figure S6 in the Supporting Information).
1 H NMR Spectra. The structural differences in the solid state, described above, are conformational in nature and it is not obvious whether they will be retained in solution. In case of the diamagnetic species the information on the solution structure can be provided by NMR spectroscopy, as it has already been done for the mono-macrocyclic analogues. 17, 18 Therefore detailed 1 H NMR investigation of the bis-macrocyclic nickel(II) and palladium(II) complexes was undertaken to clarify this problem.
The experimental 1 H NMR spectra of 2-Ni and 3-Pd are shown in Figures 6a, 6c . First of all, it should be noted that the spectra of both complexes comprise excess signals of obviously lower intensity. These signals did not substantially decreased after recrystallization and may refer, in our opinion, to the species possessing another conformation (C 2 -symmetric, gauche arrangement of subunits with respect to the C-C bond) similar to that found for Ni 2 L 13B . 11 Major multiplets in the spectra were successfully reproduced by simulation (Figures 6b, 6d) with the values of chemical shifts and coupling constants listed in Tables S6 and S7 in the Supporting Information. The spectrum of 3-Pd as a whole is considerably shifted downfield as compared to that of 2-Ni. The averaged shift of methylene protons of ca. 0.38 ppm is similar to that observed for the mono-macrocyclic compounds. 17 Somewhat surprisingly, the position of the low-field singlets assigned to protons in the malonamide ring (i) remains almost unchanged. The significantly different appearance of the spectra is due to essentially non-uniform character of chemical shifts variation. The most different from the averaged value are the shifts for the protons f, d and e (larger) and c (lower). Except for the proton e, this behavior is common for both bis-and mono-macrocyclic complexes. The differences between bis-and mono-macrocyclic complexes of the same metal ion are less significant. The common effect is some deshielding of the proton c in the bis-complexes and the distinction -increased shielding of the proton e in 2-Ni and of the proton h in 3-Pd as compared to ML 14M .
Unfortunately, the reasons affecting proton chemical shifts in metal complexes are poorly understood at present and it is difficult to relate observed differences to structural variations.
More useful in this respect is the analysis of vicinal ( 3 J) coupling constants known to be dependent on H-H dihedral angles through Karplus-like relationships. As concerns NCCC torsion angles in 6-membered trimethylenediamine chelate rings, these are also lower for nickel species but, in contrast, these angles are larger in the mono-as compared to bis-compounds by 7.2° for nickel(II) and 1.8° for palladium(II).
The experimental values of the vicinal coupling constants between protons in these rings (Table S7 in 17, 25 In Electrochemistry. The results of our cyclic voltammetry study on the dicopper(II) complex are in agreement with literature data. 7 In contrast, we did not observe resolved redox processes for the bis-macrocyclic nickel(II) complex -only one anodic and one cathodic peak were present on cyclic voltammograms of 2-Ni with E 1/2 value of 0.57 V vs. SCE (0.1 M NaClO 4 ). This value is very close to that for the mono-macrocyclic analogue (0.58 V). 22 However, the considerably increased, as compared to NiL 14M , peak-to-peak separation (110 vs.
65 mV at scan rate 50 mV/s) suggests the existence of a difference in redox potentials of the two metal centers in 2-Ni, though much smaller than for dicopper analogue. At the same time, similarly to polyamine analogues, 27 the dioxomacrocyclic palladium(II) complexes in the absence of the halide ions do not oxidize within accessible potential limits. The peculiarity of the bis-macrocyclic copper(II) complex is the ability of crystallization in two forms different in solvent content. On the one hand, these forms are characterized by a close similarity of unit cell parameters and of the structure of constituting elements -water 
CONCLUSIONS
